Abstract: The results of high hydrostatic pressure studies of martensitic transformations in alloys with special emphasis to shape memory alloys (SMA) are reviewed. Experimentally detected positive and negative signs of MS temperature pressure shift and phase p-T diagrams are discussed. High pressure induced shape memory effect and baroelasticity are considered to be the essential phenomena illustrating the importance of pressure as a thermodynamic variable. Some estimations of high pressure influence on MS temperature in framework of phenomenological Landau theory are made.
INTRODUCTION
The study of the effect of high hydrostatic pressure has contributed much to the understanding of the properties of materials near phase transformations and of the mechanisms for certain types of transformations. In addition high pressure studies have led to the discovery of a variety of new phase transformations which can only take place under pressure. Martensitic transformation (MT) is one of the most general cooperative phenomena in which the spontaneous lattice strain appearence is the main feature. Hydrostatic pressure interacts only with the diagonal components of the transformation strain tensor and allows to determine the signs and values of volume change [l] or latent heat [2] accompanying MT. Since the first works devoted to high pressure study of thermoelastic MT in Cu-A1 and Au-Cd alloys [2, 3] only in the past decade there has been performed such investigations of other shape memory alloys (SMA) mainly due to the efforts of Ukrainian [l-ll] and Japanese researchers [12-171. Some results were summarized in refs. [lO,l7] . In this paper the available information about the hydrostatic pressure studies of MT is discussed. The field still remains rather unexplored taking into account the number of alloys investigated and pressure interval used. Moreover some experimental data appeared to be contradictory. In these circumstances it is not possible to make general conclusions about the results in form of some classification. Furthermore the discussion will be limited to the conventional alloys with special emphasis to SMA. For the reasons of space limitation the results of high pressure studies of MT in pure elements like Li [l81 or Ce [l91 as well as their alloys [20, 21] are omitted. An attempt is also made to seek an alternative phenomenological theory to describe MT under hydrostatic pressure.
EFFECT OF HYDROSTATIC PRESSURE ON MS TEMPERATURE
Hydrostatic pressure investigations of MT up to 1.5 GPa so far performed were carried out using mainly piston cylinder type [22] and autonomous valve high pressure chamber equipped by a special cell [23] . Diamond anvil cell generating hydrostatic pressure up to 10 GPa was used in [13] .Thermoelastic MT1s are very sensitive to the shear stresses which can appear during high pressure generation or pressure cell cooling. Therefore, it is extremely important to know exactly the nature of the applied stress. Results obtained by means of quasihydrostatic equipment (see, e.g. [3, 24] ) are very difficult for interpretation. So, care must be taken about the choice of the pressure transmitting mediums, kerosine and kerosine-oil mixture being used by Japanese researchers and silicone oil or benzene being used by Ukrainian researchers. In [25] it was shown that the latter liquids have better hydrostatic properties than former in pressure interval up to 1 GPa and temperature range down to 4.2 K. According to [25] ethylmethyl alcohols mixture used in diamond anvil type apparatus [l31 did not provide the proper hydrostatic conditions. The first step of high pressure study of any phase transformation is the determination of its p-T diagram, i.e. pressure dependence of equilibrium transformation temperature, To. Actually the MS, Mf, As, Af temperatures can be extracted from the experimental data, and some doubts about the pressure behaviour of To always exist. If high pressure does not distort the shape of hysteresis loops on the temperature dependence of some physical property but shifts it as a whole along the temperature axis, it is reasonable to assume that both Ms(p) and To(p) dependences have identical behaviour. Electrical resistivity, p,(AuCd, TiNi-, Cu3A1-and Fe-based alloys) and low field magnetic susceptibility, X,measurements (Ni2MnGa-and Fe-based alloys) were performed under high pressure [l-171 in order to determine the pressure shift of Ms. It is required that MS values must be chosen in the same manner for each pressure level used. The results are presented in Table 1 (the early works devoted to high pressure investigations of irreversible MT in Fe-based alloys and published before 1971 were reviewed in [26] ). It turned out that Ms(p) dependences can be approximated by straight lines for all alloys except binary Fe-Pt and Fe-Ni alloys. The initial dMs/dp values were calculated and displayed in Table 1 . Some comments and remarks to Table 1 are given below. 2.1. TiNi and Cu-based alloys Among TiNi-based alloys Ti50Ni47Fe3 was studied first under high pressure [4] .This alloy was the most suitable for investigation of B2-R and R-B19' transformations because the two transformations are separated by lOOK on the temperature scale.The opposite slope signs of Ms(p) and TR(p)-lines were found revealing pressure induced broadening of Rphase area on p-T diagram.Following Clausius-Clapeyron relationship dMs/dp = AV/AS = TAV/Q (1) (AV and AS are the discontinuities in the volume and entropy at the transformation and Q is the latent heat) and according to the data from [4, 27] one can estimate AV/V values being equal to -0.04% and 0.5% for B2-R and R-B19' transformations, respectively. The situation is more complicated in case of binary TiNi alloys, where it is known that both mentioned MT1s and the additional B2 -B19' transformation are superimposed. The measurements in Ti51Ni49 alloy showed [l01 that applied pressure led to the reversible widening and growth of belllike anomaly on p (T) curve. One of the possible explanation of such behavior could be understood taking into account the positive pressure shift of MS for the B2 -B19' MT that is confirmed by the negative sign of AV/V given in [28] . The essential influence of alloy composition on dMs/dp values and signs in binary TiNi alloys as well as Cubased alloys is seen in Table 1 . This preliminary conclusion has to be proved in future.
Ni2MnGa.
There has been much recent progress in the study of the ferromagnetic Heusler alloy Ni2MnGa, having perfect shape memory effect (SME) [29] . As to high pressure results one can estimate from (1) that AV/V for MT from parent phase into five-layered modulated martensitic structure is equal to about -0.05% [l01 which is too small compared with value being directly obtained from lattice spacings [30] . In this connection both lattice spacings and latent heat should be specified. 2.3. Fe-based alloys. Ferrous alloys and steels undergoing thermoelastic and irreversible MT in ferromagnetic austenite (alloys 14-19, [22] [23] [24] [25] Table 1 dMs/dp becomes smaller with the increase of CO content disregarding whether non-or thermoelastic MT occurs. As was shown in [l11 this is a consequence of the AV/V decrease from 2.1% (alloy 23) to 0.2% (alloy 24) due to CO addition in FeNi-alloys. Another interesting feature found in [26] is the correlation between atomic ordering degree of Fe-Pt alloy and the kind of p-T diagram, where a small maximum was detected.
.

LANDAU-TYPE THEORY
Usually the data concerning the Ms(p) behavior were phenomenologically interpreted in framework of equation (1) or modified expression [12, 13] . In this section an attempt will be made to propose Landautype theory for the description of MTfs under high pressure, which are accompanied by corresponding symmetry changes. Gibbs free energy expansion for cubic crystal having up to fourth-order invariants and two component strain order parameter (q 11q2) (311 can be completed by pressure and volume containing terms and written as: for z -domain of martensitic phase, qos -(3p + au2,/2) /3k (5) It follows from (5) that sign 6 = -sign AV. Inspection of (2) by inserting (3) with respect to the transformation conditions provides the pressure shift of To in the form:
+ 2C12 Expression (6) predicts two types of p-T diagrams:(i) if 6<0 To(p)< To (0); (ii) in case 6 > 0 it is expected a maximum on the To(p) curve. According to [31] 6=(Clll-C 123) 112, is a function of four-order elastic constants. Estimates for Ni2MnGa exhibiting cubic-tetragonal MT can not be done using (6) because 6 and are unknown. As soon as the experiment show linear dependence of To(p) the last quadratic term in (6) can be omitted and the To(p) dependence for NI MnGa can be re-
ultrasonic data [29] gives a 9 0.76 10 dyn/cm K, ail Vi-lattice parameters and specific volume of parent and martensitic phases respectively. According to (7) K 34 KjGPa, which is about six times higher than the experimental value (Table 1 ). Apparently the value of A V/V for Ni2MnGa given in [30] is too high and should be corrected. Thus Landau-type theory can be useful in understanding high pressure behaviour of martensitic transformations.
BAROELASTICITY EFFECT
One of the remarkable results of high pressure influence on the thermoelastic MT1s was the discovery that high hydrostatic pressure stimulated reversible shape change of SMArs. This effect was firstly experimentally observed on alloy 15 [ g ] , which was the most suitable for investigating this effect due to the large slope of Ms(p) curve and appropriate MS value. The pressure induced reversible bending of a plate-like sample, loaded according to the scheme of the three-point deflection was measured [g] . This effect was caused by reversible "martensite-austenitew boundary motion under pressure (baroelasticity). Incidentally, the pressure induced growth and shrinkage of martensite plates in alloy 9 was found in [l31 using insitu optical microscopy and diamond anvil pressure cell. Thus, the baroelastic behaviour is supposed to be a general property of all thermoelastic MTJs except in cases in which new pressure-induced phases on p-T diagram appear.
CONCLUSIONS
In this paper some problems of high hydrostatic pressure study of MT1s were reviewed. As known from the above analysis some experimental results appeared to be discouraged and they need a further verification. Undoubtedly the phenomenological approach based on Landau-type theory is a useful means in predicting hydrostatic pressure data and should be developed for other MTrs. Baroelasticity phenomenon was outlined in order to show that hydrostatic pressure is a new force to operate shape memory effect.
